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Remarkable progress has been made in recent years in the ield of portable electronic
equipment like portable phones and persOnal computers  ⅢIag etic devices such as inductors
and transformers used in the power supply and electronic circuits of portable electronic
equipment rnust be small,lightweight,and consume very little electricity. A considerable body
of research documents Hlicro magnetic devices like ricro inductors and■licro transformers,
and this work has accompanied advancements in thin allil processing and micro processing
techniques
Parametric osciHation has various desirable features that include voltage regulation,
overload protection, and noise reieCtiOn.  Therefore, development and research has been
conducted with regard to the practical application of this oscillation in various electric devices,
such as parametric transformers,parametric motors,and parametric linear motors,  Genera‐
tion of parametric oscillation in a thinner and smaller magnetic circuit may produce a ne、アヽ
magnetic device like a ricro transformer with the previously mentioned features  Although
considerable attention has been devoted to magnetic devices that utilize parametric oscillation,
a planar magnetic path device has never been exaHlined for power conversion applications.
Thus, this 覇/ork concerns attempts to fabricate a planar transformer utihzing parametric
oscillation and successful operation Of the device as a parametric transformer.
In this paper,the fundamental performance characteristics,design rnethod,and application
of the planar parametric transformer have been discussed
The su■lrnaries in each chapter are as foHo、、アsi
CHAPTER II FUNDAMENTAL PERFORMANCE CHARACTERISTICS
This chapter describes attempts to fabricate a planar parametric transformer and explains
the performance characteristics of the transformer.  The generating conditions for parametric
oscillation are also exanlined in the transformer.  In light of these considerations, a12×12-
m■l device has been formed from a stack of 50%Ni―Fe lanlina ions or Fe5C070Si15B10 1anlina‐
tions.  The device has been successfully operated as a parametric transformer  The planar
transformer displays various desirable features that include voltage regulation, overload
protection,and noise rttectiOn.
CHAPTER III ANALYSIS
The performance characteristics of the planar parametric transformer have been analyzed
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in this chapter  The analysis begins with the formulation of twO expressions、1/hich relate the
flux in the prilnary and secondary magnetic circuits to the magnetomotive forces of the input
and output circuits Of the transfOrmer  A nfth―。rder polynomial is used tO represent the
nonlinear magnetization curve of the magnetic circuit  Fronl these equations and the par_
ametric circuit,a nonlinear second―order direrential equation、vith tilne―varying cOefncients
can be obtained  The equation is s01ved by the harmonic balance method  The relation
betⅥreen input and output v01tage and the relatiOn between the phase of output voltage and the
input v01tage have been calculated.  The calculated values agreed to a large extent with the
experilnental values
CHAPTER Ⅳ MINIATURIZATION OF THE DEVICE
The nliniaturization of the planar parametric transformer is studied in this chapter  The
device was built in accordance with the conditions for generating a parametric OscillatiOn in a
planar magnetic device based On a magnetic circuit model.  Thus,the device was successfuHy
formed with a wire―electric discharge machine and is a 5〉〈7-mm planar parametric trans‐
former.  Resuits clearly indicate that the transformer provides excellent v01tage regulation,
The performance characteristics of the device have been also analyzed  The vahdity of
the magnetic circuit model prOposed in chapter HI 、vas confirmed.
CHAPTER V AN EXAMINATION OF THE DESIGN METHOD
In this chapter,the important design factOrs for the transformer were exanlined in order
to improve its performance characteristics and tO estabhsh a methOd fOr its design.  The
summary is as f01lows:
(1)Exanlination of the relationship between the positiOn of the windings and the character‐
istics of the transformer provided the optimal winding arrangement.
(2)The erect Of annealing the material in terms of the perfOrmance characteristics was
also considered.  ImprOvement of the transformer's performance characteristics can be expect―
ed because anneahng the material reduces the hysteresis loss of the device.
(3)The operating point and stability of the transformer are deterttlined frOna the device's
input―Output voltage characteristics  The relatiOnship between input―output voltage charac_
teristics and the magnetic saturation curve of the transformer's magnetic path have been
clarined in theory.
(4)To exanline the rnagnetic path Of the transfOrmer quantitatively,a rnethod of Obtaining
the magnetic saturation curve Of the device frona the B―H curve of the material and frOna the
transformer's magnetic path has alsO been exanlined
CHAPTER Ⅵ APPLICATION
This chapter describes the possibility of using the planar parametric transformer in a
multi―output parametric transfOrmer and a dc―to―dc converter. As a result,a one―input―wo―
output parametric transformer and a dc―to―dc converter were produced, and parametric
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oscillations■、アere generated in these devices.  The parametric transformer may be used for a
thinner and smaner integrated switched―mode po、ver supply or for a dc―to―dc converter in the
future.
CHAPTER Ⅶ CONCLUSIONS
The results obtained froni this study are as foHo、vs:
(1)Parametric oscillations have been generated in a 5×7-■1ln planar lnagnetic path,and
the planar parametric transformer produced displays excellent voltage regulation, overload
protection,and noise rttectiOn.
(2)The planar parametric transformer was analyzed with a harmonic balance method
using a magnetic circuit lnodel of the device.  The validity of the inethod of analysis was also
confirmed  The relationship bet、veen the input―outpu  voltage characteristics and the mag‐
netic saturation curve of the transformer's magnetic path has been explained in theory.
(3)Results clearly indicate that a planar parametric transformer is useful for a dc―to―dc
converter
The results obtained in this study will be helpful in the future design of rnicro transformers
that use parametric oscillation
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